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Title: Coating which is applied to a substrate, a solar cell, and method for 
applying the coating to the substrate 

The invention relates to a coating which is applied to a substrate, a 
solar cell comprising the coating according to the invention, and a method 
for applying the coating to a substrate. 

It is known that, for solar cells, the upper electrode needs to meet at 
5 least the following requirements in order to effect a good efficiency: 

1. the electrode needs to have a high transparency for the 
incident light; 

2. the electrode needs to effect a good conduction of the current 
generated in the active layer; and 

10 3. the surface morphology of the electrode needs to be such that 

the incident light is captured in the solar cell. 

Known materials which can meet these requirements are the 
so-called transparent conducting oxides such as tin oxide, zinc oxide or 
indium tin oxide. These are semiconductors with such a bandgap that light 

15 in the visual spectrum is transmitted. In order to effect a right conduction, 
and thus meet the second requirement, a limited number of free electrons 
are created in this material by addition of dopant and/or by creating oxygen 
deficiencies. 

In order meet the third requirement, the upper electrode needs to 
20 have an optimal surface morphology so that the incident light is refracted 
and the distance covered through the underlying active layer increases such 
that the efficiency of the solar cell is considerably improved. 

Such an application is for instance known from Japanese patent 
specification 05 067797 in which an upper electrode is described which 
25 comprises tin oxide of which the dominant crystalline orientation is the 
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(200) orientation, and with which an increased efficiency of a solar cell is 
effected. 

However, recent research has shown that, with the upper electrodes 
used in practice, which are also described in the Japanese patent 
5 specification, the requirement of a good electrical conductivity of the upper 
electrical electrode is at odds with the requirement that the electrode also 
needs to have an optimal surface morphology. It can be concluded from this 
that the efficiency of the known solar cells is by no means optimal yet. 

It has now surprisingly been found that an upper electrode for a solar 

10 cell can be developed which has both a good electrical conductivity and has 
an optimal surface morphology, when the electrode consists of a coating 
which comprises at least two films which both comprises a transparent 
conducting oxide and an electron donor, and the contents of electron donor 
differ in the two films. 

15 It has further surprisingly been found that, in contrast to what is 

known from Japanese patent specification 05 067797, a (200) dominant 
orientation is no condition for an optimal capture of the light in the solar 
cell and that a capture which is at least as good can be obtained with a 
dominant (211) and (110) orientation. 

20 Although the (200) orientation and (110) orientation are dominant in 

a normal process control — as described in the aforementioned Japanese 
patent specification - it has surprisingly been found that, under specific 
process conditions, such as for instance an elevated content of electron 
donors, the (211) orientation becomes dominant. It has further surprisingly 

25 been found that a next film which is then applied to this film 'inherits 1 this 
dominant orientation, even if the film would normally not yield a dominant 
(211) orientation. 

The invention therefore relates to a coating which has been applied to 
a substrate, comprising at least a first film and a second film which have 
3 o been applied on top of each other and which each comprise a transparent 
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conducting oxide and an electron donor, while the second film comprises 
relatively at least 10 percent less electron donor than the first film. 

The coating may possibly also consist of one or more films which have 
been applied to a substrate, while the composition of the coating has such a 
5 gradient over the thickness that the material applied later comprises 

relatively at least 10 percent less electron donor than the material applied 
earlier. 

The first film may have been applied to a substrate or it may have 
been applied to the active layer of a solar cell. Preferably, the first film is 
10 applied to a substrate. 

In the coating according to the invention, the second film comprises 
relatively at least 10 percent less electron donor than the first film. 
Preferably, the second film comprises relatively at least 25 percent less 
electron donor than the first film. More preferably, the second film 
15 comprises relatively at least 50 percent less electron donor than the first 
film. 

As an electron donor, oxygen deficiencies and/or the conventional 
dopants can be used here. The first and second films may comprise one or 
more dopants. In a suitable embodiment, the first and second films each 

20 comprise one particular type of dopant. Preferably, in the first and second 
films, the same type of dopant is used or only one of the two films contains a 
dopant and the other film contains oxygen deficiencies. Preferably, the 
dopants are chosen from the group of fluorine, antimony, chlorine, tin, zinc, 
gallium, boron, niobium and/or aluminum. More preferably, the dopants are 

25 chosen from the group of fluorine, chlorine, antimony and/or niobium, and 
still more preferably, the dopant comprises fluorine. 

Preferably, the electron donor is present in the second film in an 
amount of at most 13 atomic percent, and more preferably in an amount of 
at most 8 atomic percent. 
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Preferably, the electron donor is present in the first film in an 
amount of at most 15 atomic percent, and more preferably in an amount of 
at most 10 atomic percent. 

As a transparent conducting oxide, the conventional materials can be 
5 used. The first and second films can comprise one or more types of 

transparent conducting oxides. In a suitable embodiment of the invention, 
the first and second films each comprise one particular type of transparent 
conducting oxide. Preferably, the first and second films comprise the same 
type of transparent conducting oxide. The transparent conducting oxides are 

10 preferably chosen from the group of tin oxide, zinc oxide an/or indium tin 
oxide. In a particularly suitable embodiment of the invention, the first and 
second films comprise tin oxide. 

As a substrate, the conventional materials can be used. Preferably, 
the substrate comprises a metal, ceramic, glass or a material comprising one 

15 or more polymers, such as for instance a plastic. Here, the substrate may 
possibly have already been provided with a coating or assembly of coatings. 
This coating may for instance be intended for the improvement of the 
bonding of the transparent conducting layer or as a barrier coating which is 
to prevent diffusion of harmful elements. The coating may also consist of an 

20 assembly of coatings which comprises inter alia the active layer of the solar 
cell. 

The invention also relates to a coating which has been applied to a 
substrate, which coating comprises at least a first film and a second film 
which each comprise a transparent conducting oxide and an electron donor, 
25 while the second film comprises tin oxide of which the two dominant 
crystalline orientations are the (211) and (110) orientations. 

In that case, preferably, the first film is applied to a substrate or to 
the active layer of the solar cell. Preferably, the first film has been applied 
to a substrate. In a particularly suitable embodiment, both the first and 
30 second films comprise tin oxide. 
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In the different embodiments of the coating according to the 
invention, in the second film, the average particle size of the crystals of the 
transparent conducting oxide is 50-500 nm, preferably 100-300 ran. 

Preferably, the second film has a total thickness of 300-900 nm. 
5 Preferably, the first film has a total thickness of 50-500 nm. 

In a particularly suitable embodiment of the invention, the coating 
has a total thickness of 300-1000 nm. 

The invention further relates to a solar cell which comprises a coating 
according to the invention. The first film may have been applied to the 
10 active layer after which the second film has been applied to the top side of 
the first film. After this, a substrate is usually applied to the second film of 
the coating for protection. In a different embodiment, which is preferred, the 
first film is applied to a substrate, after which the second film is applied to 
the top side of the first film. Then, the active layer and the other 
15 components of the solar cell are applied to the coated substrate thus 
obtained. 

The invention further relates to a method for applying the coating 
according to the invention to a substrate, in which at least a first and second 
mixture which each comprise one or more precursors for a transparent 
20 conducting oxide and an electron donor are applied to the substrate, while 
the second mixture is composed such that relatively at least 10 percent less 
electron donor is incorporated in the film compared with the film deposited 
by the first mixture. 

Preferably, the first mixture is applied to the substrate, after which 
25 the second mixture is applied to the top side of the first film and the second 
film is formed. 

The first and second film can be made with known techniques. Such 
techniques are for instance the plasma spraying technique, the chemical 
vapor deposition technique, the plasma-enhanced chemical vapor deposition 
30 technique, the physical vapor deposition technique and the 
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plasma-enhanced physical vapor deposition technique, where conventional 
process conditions are used. In order to prepare a film which comprises tin 
oxide, these techniques can be used where for instance a mixture of tin 
tetrachloride, water, methanol and hydrogen fluoride is used. 

5 

Examples 

The following examples illustrate the present invention. 
Fig. 1 shows the X-ray diffraction spectrum (XRD) of a fluorine -doped 
tin oxide -coated substrate where the tin oxide contains a high content of 

10 electron donors. The electron density as measured with the well-known Hall 
measurement is fairly high at 6.5 . 10 20 cm 3 , which results in a good 
electrical conductivity of the film. However, the XRD spectrum shows that 
the crystallinity of the film is moderate with a maximum intensity of only 
500 at the (211) peak. This is only 5 times higher than the background. 

15 For comparison, Fig. 2 shows the XRD spectrum of a film with a low 

content of electron donors. This film has a measured electron density of 
4.2 . 10 20 cm 3 . As can easily be recognized in Fig. 2, this film has a much 
better defined cry st alio graphic orientation with a maximum peak for the 
(110) orientation. The intensity of this peak is approximately 2000, which is 

2 0 20 times higher than the background. 

Fig. 3 shows the XRD spectrum of a double-layer coating as described 
in this patent. This coating comprises a first film with a high content of 
electron donors and a second film with a low content of electron donors. It is 
clear that the crystallinity of the coating is very good and the (211) 

25 orientation is present here with preference over the (110) and (200). This is 
a clear indication that the film deposited later with the low dopant 
concentration 'inherits* its preferred crystallographic orientation from the 
film deposited first with the high dopant concentration. 



